All Australian cases of methamphetamine-related suicide (2009)(2010)(2011)(2012)(2013)(2014)(2015) retrieved from the National Coronial Information System were examined to determine crude mortality rates, characteristics and circumstances of death, and blood toxicology. There were 300 cases, 18.2% of all methamphetamine-related deaths, and 1.6% of all completed suicides. The mean age was 33.1 years, and 77.0% were male. The crude mortality rate was 1.9 per 10 6 , with males having a significantly higher rate than females (2.9 vs. 0.9 per 10 6 ). A quarter were known to have previous suicide attempts, and a history of psychosis was noted in 12.3%. In 40.7% of cases, witnesses described the decedent as having been agitated and/or aggressive immediately prior to the incident. The vast majority (85.3%), and of both sexes (males 87.0%, females 79.7%), used violent methods. Hanging (70.3%) was overwhelmingly the most frequent method among both males (70.1%) and females (71.0%). Prescription medications were frequently present: hypnosedatives (23.6%), antidepressants (19.5%), and antipsychotics (8.4%). Self-poisoning cases were significantly more likely to have antidepressants (odds ratio: 4.2) and opioids (4.9) present, but less likely to have cannabis (0.3). Methamphetamine-related suicide makes a large contribution to methamphetamine-related death and represents a substantial clinical and public health problem.
.
Methamphetamine dependence is associated with an array of clinical problems. The physical health of dependent users is significantly poorer than the general population (Marshall & Werb, 2010; McKetin, Kelly, McLaren, & Proudfoot, 2008) . Regular methamphetamine use is also associated with an increased risk for violent assault (Darke, Kaye, McKetin, & Duflou, 2008; Darke, Torok, Kaye, Ross, & McKetin, 2010; Zweben et al., 2004) . Of particular relevance to this work, methamphetamine users have substantially elevated rates of mood and anxiety disorders (Conway, Compton, Stinson, & Grant, 2006; Darke, Torok, McKetin, Kaye, & Ross, 2011; Hall, Hando, Darke, & Ross, 1996; Lappin et al., 2016; McKetin et al., 2012; Zweben et al., 2004) . Methamphetamine is also associated with an increased risk of psychotic illness, a risk exacerbated by the use of crystal methamphetamine (Lappin et al., 2016; McKetin, Hickey, Devlin, & Lawrence, 2010; McKetin, McLaren, Lubman, & Hides, 2006) . Finally, rates of attempted suicide far exceed population levels, with a quarter to half reporting lifetime histories (Darke, Campbell, & Popple, 2012; Hall et al., 1996; Zweben et al., 2004) .
Given these harms, it is not surprising that the mortality rate of regular users is elevated 3-6 times (Callaghan et al., 2012; Degenhardt & Hall, 2012; Singleton, Degenhardt, Hall, & Zabransky, 2009 ). Moreover, given poor health, and high levels of psychopathology and attempted suicide, we would expect suicide to make a significant contribution to excess mortality. Such is indeed the case, with deaths from suicide constituting approximately 15% of methamphetamine-related deaths (Bartu, Freeman, Gawthorne, Codde, & Holman, 2004; Karch, Stephens, & Ho, 1999; Kaye, Darke, McKetin, & Duflou, 2008; Kuo et al., 2011; Logan, Fligner, & Haddix, 1998; Stenbacka, Liefman, & Romelsjo, 2010) . Despite the elevated mortality rates and the prominent role of suicide in these deaths there are few clinical studies of methamphetamine-related death (Karch et al., 1999; Kaye et al., 2008; Logan et al., 1998; Zhu et al., 2000) and none on completed suicide. Recently, Darke, Kaye, and Duflou (2017) reported that suicide comprised 18% of all methamphetamine deaths that occurred in Australia during 2009-2015, a period of escalating methamphetamine use . In the current study we used a national sample to determine mortality rates, characteristics, circumstances, and toxicology of methamphetamine-related completed suicide in Australia. Specifically, the study aimed to:
1. Determine the crude mortality rates of methamphetamine-related suicide in Australia over the period 2009-2015; 2. Determine the characteristics, manner, and circumstances of death; and 3. Determine the toxicology of methamphetamine-related suicide.
METHODS

National Coronial Information System
The National Coronial Information System (NCIS) is a database provided by the Coroners' courts in each Australian jurisdiction. A complete NCIS case file includes demographic information, a police narrative, autopsy report, toxicology report, and the Coronial finding (which provides information as to whether death was from natural disease, accidental, suicide, or homicide). Cause of death is ascertained by a forensic pathologist and noted on the autopsy and coroner's report. Each NCIS case has codes for "Mechanism of Injury" and "Object or Substance."
In Australia, the criteria for reporting a death vary between jurisdictions. In general, a death is reportable to a coroner where the person died unexpectedly and the cause of death is unknown; the person died in a violent and unnatural manner; the person died during or as a result of an anaesthetic; the person was "held in care" or in custody immediately before they died; a medical practitioner has been unable to issue a death certificate stating the cause of death; or the identity of the decedent is unknown. Ethical approval for this study was received from the NCIS and University of New South Wales Ethics Committees.
Case Identification
All cases of methamphetamine-related death reported between January 1, 2009, and December 31, 2015, were inspected by the authors. Searches were conducted on methamphetamine in codes for "Cause of Death" and by "Object or Substance Producing Injury." Methamphetamine-related death included accidental drug toxicity, natural disease, accident, homicide, and suicide. Cases of suicide in this series were identified from the NCIS code for "Intentional Self-harm," which is based on the medicolegal investigation of the death. Due to the fact that methamphetamine may be present in the urine for up to 24 hours after consumption (Karch, 2015) , and may not reflect recent use, cases in which methamphetamine (or its primary metabolite amphetamine) was detected solely in urine were excluded, as were cases where the presence of amphetamine was attributable to prescribed dexamphetamine.
Measures
Information was collected on age, marital status, employment, recent job loss, drug use history, treatment status, date of fatal incident and death, and the settings for fatal incident and death. Data relevant to suicide included manner of death (violent means, deliberate self-poisoning), a record of a previous suicide attempt, the presence of a suicide note, a history of psychosis, recent relationship breakup, recent loss of custody of or access to children, impending imprisonment, and recent prison release. In the case of deliberate hangings, data were recorded on whether the person was fully suspended. Data were also recorded on witness reports of extreme agitation, aggression, or violence by the decedent on the date of the fatal incident.
Toxicological data were reported for methamphetamine, other psychostimulants, hypnosedatives, alcohol, opioids, cannabis (D-9-THC), antidepressants, and antipsychotics. In cases of hospitalization prior to death, antemortem blood samples taken on or near admission to hospital were reported, and drugs administered by medical staff excluded.
Statistical Analyses
For normally distributed variables, means, standard deviations (SD), and ranges were presented; otherwise, medians and ranges were reported. The Mann-Whitney U-test was used for bivariate comparison of methamphetamine concentrations and chisquare for examining data on time. Odds ratios (OR) and 95% confidence intervals (CI) were calculated for bivariate comparisons of dichotomous variables. Crude mortality rates and CIs were calculated using annual population estimates from the Australian Bureau of Statistics (2016a). All analyses were conducted using IBM SPSS Statistics v. 23.0 (Chicogo, IL, 2015) and R (R Core Team, 2016).
RESULTS
Population Mortality Rates
A total of 300 cases of methamphetamine-related suicides were identified (2009: 15, 2010:33, 2011:23, 2012:66, 2013:52, 2014:60, 2015:51) , 18.2% of the 1,649 methamphetamine-related deaths over the study period. The crude mortality rate for methamphetamine-related suicide across all years was 1.9 per 10 6 (CI: 1.7-2.1 per 10 6 ), increasing from 0.7 per 10 6 in 2009 to a peak of 2.9 per 10 6 in 2012 (Figure 1 ). While the mortality rate declined over 2012-2015, the decline was not significant and rates remained significantly higher than in 2009. Across the 330 METHAMPHETAMINE-RELATED SUICIDE study, males had a significantly higher mortality rate (2.9 per 10 6 , CI: 2.5-3.3 per 10 6 ) than females (0.9 per 10 6 , CI: 0.7-1.1 per Overall, methamphetamine-related suicide constituted 1.6% of all cases of completed suicide in Australia over the study period (males 1.7%, females 1.6%).
Demographic Characteristics
The mean age was in the early thirties, and males comprised 77% of cases (Table 1) . Males constituted the majority of cases in each year: 2009: 80%, 2010: 87.9%, 2011: 69.6%, 2012: 83.3%, 2013: 78.8%, 2014: 75%, and 2015: 64.7% . A third were in a married/de facto relationship, and four in ten were employed. A history, or the cutaneous stigmata, of injecting drug use was noted in a 25%. Fewer than 10% were enrolled in a drug treatment program.
Manner and Circumstances of Suicide
Just over half of the cases occurred in major metropolitan areas (Table 1) . Fatal incidents did not significantly differ in frequency across weekdays (p = .4) or months (p = .1). In three quarters of the cases the fatal incident occurred in a home environment. Fewer than 10% survived to hospitalization.
In a fifth of cases, there was a suicide note. A quarter were known to have had previous suicide attempts. In an eighth, a history of psychosis was recorded. In close to half, witnesses described the decedent as having been extremely agitated, argumentative, or aggressive immediately prior to the incident. A recent relationship breakup was noted in a seventh, and recent loss of custody or access to children in 6.7%. Impending imprisonment/recent release or recent job loss was each noted in fewer than 5% of cases.
The vast majority of both sexes used violent methods, hanging being the most frequent. Among hanging cases, 53.1% were by full suspension. After hanging, the next most frequent method was exsanguination. Gunshot deaths were uncommon, and all such cases were male. Approximately a seventh self-poisoned. The majority of such cases were due to deliberate drug toxicity, the remainder being by carbon monoxide. No insecticides or other nonpsychoactive poisons were detected.
Toxicology
Quantitative toxicology was available for 297 of 300 cases (Table 2 ). Blood methamphetamine and amphetamine concentrations did not differ significantly by manner of death. Alcohol and D-9-THC were the most commonly detected other drugs, present in a third and a quarter, respectively. Opioids, most commonly morphine (generally indicative of heroin use in Australia), were present in an eighth and a third of self-poisonings. Other psychostimulants were not commonly seen.
Prescription medications were frequently present. Hypnosedatives, most frequently diazepam, were present in a quarter of cases and a third of self-poisonings. Antidepressants were detected in a fifth of cases and close to half of self-poisonings. Antipsychotic medications were present in a tenth, including a fifth of deliberate selfpoisonings. Antipsychotic medications were present in only a third of those with a known history of psychosis.
Self-poisoning cases were significantly more likely to have antidepressants and opioids present, but less likely to have cannabis. There were no differences between these groups in the proportions with other substances.
DISCUSSION
The current study covered a period of escalating methamphetamine use, and methamphetamine-related suicide rates reflected this. Over this period, the number of deaths and crude mortality rates per annum tripled, with suicide comprising a fifth of all-cause methamphetamine-related death. These cases represented 1.6% of all Australian cases of completed suicide over the study period. Importantly, reflecting the broad geographical epidemiology of methamphetamine use in Australia, nearly half of the cases occurred outside major metropolitan centers. Methamphetaminerelated suicide clearly represents a major public health problem in both metropolitan and rural communities.
The outstanding feature of this series concerned the methods employed. While the sex ratio was typical of completed suicide (Australian Bureau of Statistics, 2016b; Callanan & Davis, 2012; V€ arnik et al., 2008) , the methods employed were not. The overwhelming majority of both sexes used violent means, with hanging predominating. Studies among general populations consistently show that males predominately use violent means and females self-poisoning (Callanan & Davis, 2012; Mergl et al., 2015; V€ arnik et al., 2008) . It also should be noted that the proportion of hangings in this series (70%) far exceeds the half of completed suicides constituted by hanging in Australia (Australian Bureau of Statistics, 2016b). The use of firearms was uncommon, which is consistent with completed suicide in Australia (Australian Bureau of Statistics, 2016b), and reflects restricted availability and ownership.
Why was violence so prominent, and among women in particular? The aggression, disinhibition, and impulsivity associated with methamphetamine intoxication (Brunton, Chabner, & Knollman, 2011; Darke et al., 2010 ) may be implicated. Importantly, in close to half of the cases, witnesses described the decedent as being highly activated in the period immediately prior, with frequent reports of intense agitation, aggression, and violence.
The most frequently noted life events immediately preceding the suicide were a recent relationship breakup and/or loss of custody or access to children. The agitation and impulsivity associated with methamphetamine intoxication may well interact with recent loss to increase the transient risk. In ten cases, impending imprisonment was described in case notes as a significant 
METHAMPHETAMINE-RELATED SUICIDE
factor. This is of note as the prevalence of incarceration among regular methamphetamine users is high, particularly among males (Darke et al., 2012; McKetin et al., 2012) . While a recent job loss was noted infrequently, it should be borne in mind that only a minority were employed at the time of death and, even then, the permanency and extent of employment are not known. Typical of methamphetamine users (Kaye et al., 2008; McKetin et al., 2016) , and fatalities in particular, the presence of multiple substances was the norm. Prescription psychiatric medications were frequently detected. Of particular note were the one in ten cases that had antipsychotics present. Methamphetamine may induce psychosis de novo or exacerbate a preexisting condition (Lappin et al., 2016; McKetin, McLaren, et al., 2006; . Only a third of those in whom psychosis was noted, however, had such medications in their blood. Not surprisingly for a case series of suicides, antidepressants were common. As has been reported elsewhere (Callanan & Davis, 2012) , antidepressants were more commonly seen in cases of selfpoisoning. To some extent, this is an artifact, as these drugs were contributory to death in some cases of drug poisoning, as was also the case with opioids in this series. The only drug more commonly seen in violent suicide was cannabis. Why this should be the case is unclear.
The current study has clinical and public health implications. Suicide represents a significant proportion of methamphetaminerelated death. Moreover, as the use of methamphetamine increases, so does the rate of methamphetamine-related suicide. Treatment for methamphetamine dependence is clearly a priority, and few of these cases were in treatment. While there are no proven pharmacotherapies for methamphetamine dependence (Darke & Farrell, 2016) , longterm residential rehabilitation has been shown to reduce methamphetamine use and harm (McKetin et al., 2012) . Suicide risk for methamphetamine users is high, and regular risk monitoring by clinicians is appropriate. Indeed, a quarter of these cases had a known history of attempted suicide, and an attempt is a strong predictor of a completion (Callanan & Davis, 2012; Crandall, Fullerton-Gleason, Aguero, & Lavalley, 2006; Gibbs, Beautrais, & Fergusson, 2005; Suominen, Isomets€ a, Suokas, Haukka, Achte, & L€ onnqvist, 2004) .
As with all studies, caveats must be borne in mind. These figures are, in all probability, conservative. As a study of recent methamphetamine use, cases where distal use may have contributed to suicide are not included and may not have come to the attention of a coroner. Cases were also restricted to those coded as having deliberate intention. Cases of undetermined intent were thus not included. Circumstances and case histories were also, by necessity, restricted to that contained in case files.
In summary, national methamphetamine-related suicide rates rose sharply. Unlike the broader suicide epidemiology, violent means were predominant among both sexes. Methamphetamine-related suicide has distinct characteristics and represents a major clinical and public health problem.
